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Reverse phase high-performance liquid
chromatography (RP-HPLC)
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Scanning ion-selective electrode technique
(SIET) measurements
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Calculation of ion fluxes
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Effects of DrmNPF and AngNPF on spontan-
eous and leucokinin 1-induced hindgut
contractions
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Effects of HPLC fractions of CNS on LK 1-in-
duced hindgut contractions
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Potassium ion fluxes across the hindgut epi-
thelium in vitro
,96 7=FI 6DE:>2E6D 56C:G65 7C@> E96 +", >62DFC6>6?ED
@7 $ 4@?46?EC2E:@? 8C25:6?ED :?5:42E65 2 ?6E :?7=FI
7C@> 32E9 E@ =F>6? @7 $ :?E@ E96 9:?58FE @7 F?765 E9
:?DE2C  "#!(&$
 =E9@F89 E96 >28?:EF56 @7 E96 7=FI G2C	




A>@=4>TD64 2== @7 E96 AC6A2C2E:@?D E6DE65 D9@H65 :?	
7=FI @7 $ '  

 ,96 +", >62DFC6D :@? 8C25:6?ED 2E
=@42=:K65 A@D:E:@?D 2=@?8 E96 =6?8E9 @7 E96 9:?58FE 2==@H	
:?8 7@C 2? 2DD6DD>6?E @7 C68:@?2= 5:776C6?46D :? E96 $ :?	
7=FI D66 :8FC6 

 ,JA:42= >62DFC6>6?ED @7 $ 7=FI
2=@?8 E96 =6?8E9 @7 E96 9:?58FE C6G62=65 2 4@?D:DE6?E A2E	
E6C? @7 :?4C62D65 $ :?7=FI @G6C E96 2>AF==2 :8FC6 


!@H6G6C E96C6 H6C6 ?@ 56E64E23=6 >62DFC6>6?ED @7 $
7=FI 2?JH96C6 6=D6 2=@?8 E96 =6?8E9 @7 E96 9:?58FE
 ,96
2AA=:42E:@? @7 
 & C>') @C ?8') E@ 9:?58FE
AC6A2C2E:@?D 5:5 ?@E 2=E6C $ :?7=FI @G6C E96 2>AF==2 '
  :8FC6 


 "? 4@?EC2DE E96 2AA=:42E:@? @7 D@5:F>
4J2?:56 
 >& 23@=:D965 E9:D :?7=FI ?@E D9@H? 2?5 2A	
A=:42E:@?D @7 @F232:? 
>& C65F465 $ :?7=FI E@  P









(FC AC6G:@FD H@C< C6G62=65 ')	=:<6 :>>F?@C624E:G6
AC@46DD6D @? E96 9:?58FE @7 E9 :?DE2C  "#!(&$ DF886DE	
:?8 2 A@E6?E:2= ?6FC@C68F=2E@CJ C@=6 7@C E96 AFE2E:G6 ?2E	
:G6 ')  @?K2=6K 2?5 (C492C5 
  ?@G6= :?9:3:E	
@CJ :?7=F6?46 7@C ') :D ?@H D9@H? @? E96 9:?58FE 7@C
DA@?E2?6@FD 2?5 %$ 
	:?5F465 9:?58FE 4@?EC24E:@?D

:776C6?46D :? E96 5@D6	C6DA@?D6 4FCG6D 7@C C>') 2?5
?8') >2J C67=64E 5:776C6?46D :? E96 A6AE:56D 23:=:EJ E@
DE:>F=2E6 E96 AFE2E:G6 ?2E:G6 ') C646AE@C
 ,96 2AA=:42	
E:@? @7  @=:8@A6AE:56  **.*2>:56 4@CC6D	
A@?5:?8 E@ E96 =2DE  	E6C>:?2= 2>:?@ 24:5D @7
C>') 5:5 ?@E :?9:3:E E96 7C6BF6?4J @C 2>A=:EF56 @7
%$ 
	:?5F465 9:?58FE 4@?EC24E:@?D DF886DE:?8 E92E E96
'	E6C>:?2= 6IE6?D:@? :D :>A@CE2?E 7@C C646AE@C 3:?5:?8
24E:G2E:@?

,96 A@DD:3=6 6I:DE6?46 @7 2 AFE2E:G6  "#!(&$ ') H:E9
>J@:?9:3:E@CJ 24E:G:E:6D H2D DEF5:65 3J :D@=2E:?8
C>')	=:<6 :>>F?@C624E:G6 A@D:E:G6 7C24E:@?D 7C@>
*)	!)% 2?5 E6DE:?8 E96> 282:?DE %$ 
	:?5F465
9:?58FE 4@?EC24E:@?D
 "?:E:2= AFC:7:42E:@? H:E9 2 

"=C@<0:=5!<A42B*284<24-=:I@B82:4 =<H0:4H4B0:
"=C@<0:=5!<A42B*284<24IEEE8<A42BA284<24=@6 Figure 4. 5542BA=58<2@40A8<62=<24<B@0B8=<A=5@;&(=<:4C2=98<8<$#










"=C@<0:=5!<A42B*284<24IEEE8<A42BA284<24=@6 Figure 5. =A4@4A>=<A42C@D4A7=E8<6B7445542BA=5@;&(0<3<6&(=<B745@4?C4<2G=5:4C2=98<8<










































4@=F>? =65 E@ E96 :D@=2E:@? @7 7C24E:@?  2D 2 42?5:52E6
 @?K2=6K 2?5 (C492C5 
 ,96 D6=64E:@? @7 7C24E:@?
 7@C 2DD2J 2?5 7FCE96C AFC:7:42E:@? H2D 32D65 @? E96 7@=	
=@H:?8 
 E96 :?D64E >J@DFAAC6DD:? 2?5 @E96C 6IE6?565
%*2>:56D 6=FE6 62C=:6C @? 3@E9 
 2?5 A96?J=
4@=F>?D F?56C E96D6 4@?5:E:@?D )6677 % 
 
 F?AF3	
=:D965 @3D6CG2E:@?D  E96 AC@I:>:EJ @7 E96 6=FE:@? E:>6
7@C E96 C>') DE2?52C5  AC6G:@FD C6D62C49 H9:49
?@E65 2 >J@:?9:3:E@CJ 24E:G:EJ FA@? E96 A92D:4 4@?EC24	
E:@?D @7 9:?58FE @7 E9 :?DE2C  "#!(&$ FD:?8 '+ E:DDF6
6IEC24ED ,6 CF886 6E 2=
   *" :56?E:7:42E:@? @7
C>')	=:<6 :>>F?@C624E:G:EJ H:E9:? 7C24E:@?  7C@>
E96 
 4@=F>? 2?5  E96 :?9:3:E:@? @7 %$ 
	:?5F465
9:?58FE 4@?EC24E:@?D FD:?8 DF3D2>A=6D @7 7C24E:@? 

,9FD E96 6G:56?46 :D DF886DE:G6 @7 2E =62DE @?6 ')	C6	
=2E65 A6AE:56 H:E9:? E96 '+ @7  "#!(&$
 FCE96C AFC:	
7:42E:@? @7 A@@=65 7C24E:@?D 
Q J:6=565  7C24E:@?D
7C@> E96 A96?J= 4@=F>? E92E 4@?E2:?65 C>')	=:<6
:>>F?@C624E:G:EJ
 ,96 :D@=2E:@? @7 E9C66 7C24E:@?D H:E9
C>')	=:<6 :>>F?@C624E:G:EJ >2J 36 6IA=2:?65 3J E96
6I:DE6?46 @7 D6G6C2= 5:776C6?E A@DE	EC2?D=2E:@?2= 7@C>D @7 2
D:?8=6 ')	=:<6 A6AE:56 E96 568C252E:@? @7 E96 7F== =6?8E9
')	=:<6 A6AE:56 @C E96 AC6D6?46 @7 5:DE:?4E ')	=:<6
A6AE:56D :? E96 '+ @7  "#!(&$
 AA=:42E:@? @7 7C24E:@?
 H:E9:? E96 ?2?@>@=2C 6BF:G2=6?E C2?86 5:5 ?@E D9@H
2?J :?9:3:E@CJ 24E:@? H96? 492==6?865 282:?DE %$ 
	:?	
5F465 9:?58FE 4@?EC24E:@?D
 C24E:@?  2=E9@F89 :?9:3	
:E@CJ @? %$ 
	:?5F465 4@?EC24E:@?D 2E C6=2E:G6=J =@H
6BF:G2=6?E 5@D6D  A& H2D =6DD 67764E:G6 2E 9:896C
5@D6D DF886DE:?8 56D6?D:E:D2E:@? @C 4@	6=FE:@? @7 @E96C
DE:>F=2E@CJ 724E@CD H:E9:? E96 7C24E:@?
 !@H6G6C E96
>@DE AC@>:D:?8 42?5:52E6 7@C E96 AFE2E:G6 ?2E:G6 ')
A6AE:56 =:6D H:E9:? 7C24E:@?  E96 7C24E:@? 4@	>:8C2E:?8
H:E9 E96 C>') DE2?52C5
 ,96 5@D6	56A6?56?E :?9:3:	
E:@? @7 %$ 
	:?5F465 4@?EC24E:@?D 2?5 E96 6=FE:@? @7
')	=:<6 :>>F?@C624E:G6 >2E6C:2= 7C@> E96 '+ @7 
"#!(&$ :? 7C24E:@?  :D DF886DE:G6 @7 2 ?2E:G6  "#!(&$
')H9:49>2J36D:>:=2C:?DECF4EFC6E@ #!$!" ')

)C6G:@FD DEF5:6D 92G6 D9@H? E92E ') 42? 564C62D6 E96
EC2?D6A:E96=:2= G@=E286 24C@DD E96 2?E6C:@C DE@>249 @7 
)"% =2CG26 (?<6? 6E 2=
 
 ,9:D 67764E :D 5@D6	56	
A6?56?E 2?5 C6G6CD:3=6 :>A=:42E:?8 ') :? E96 >@5F=2	
E:@? @7 :@? EC2?DA@CE
 "?E6C6DE:?8=J 6G:56?46 7@C E96 C@=6
"=C@<0:=5!<A42B*284<24-=:I@B82:4 =<H0:4H4B0:







@7 ')1 :? E96 >@5F=2E:@? @7 :@? EC2?DA@CE :? G6CE63C2E6D
92D 366? 56D4C:365 :? E96 D>2== :?E6DE:?6 @7 9F>2?D 2?5




36= 2?5 :6?6C 

 "?:E:2= 7:?5:?8D AC@G:565 DEC@?8
6G:56?46 7@C 24E:G6 EC2?DA@CE @7 $ @G6C E96 2>AF==2 @7
E96 9:?58FE :? F?765 E9 :?DE2C  "#!(&$ !@H6G6C C6	
A62E65 2AA=:42E:@?D @7 9:89 5@D6D @7 C>') 2?5
?8') E@ E96 9:?58FE 925 ?@ 67764E @? E96 :?7=FI @7 $
@3D6CG65
 "?E6C6DE:?8=J @F232:? H2D 23=6 E@ D:8?:7:42?E=J
C65F46 E96 :?7=FI @7 A@E2DD:F> DF886DE:?8 E92E E9:D :?7=FI
:D 4@FA=65 H:E9 C6FAE2<6 @7 D@5:F> :?E@ E96 96>@=J>A9
G:22'2$	,)2D6

"? E96 9:?58FE @7 E9 :?DE2C F?765  "#!(&$$  :@?
7=FI6D H6C6 =@42=:K65 DA64:7:42==J @G6C E96 2>AF==2 3J 5:C	
64E >62DFC6>6?E @7 :@? 4@?46?EC2E:@? 8C25:6?ED 2=@?8
E96 =6?8E9 @7 E96 9:?58FE
 =FI 6DE:>2E6D :?5:42E6 ?6E :?	
7=FI @7 $ :?E@ E96 =F>6? @7 E96 9:?58FE
 ,96D6 52E2 2C6
4@?EC2CJ E@ AC6G:@FD 7:?5:?8D :? =@4FDED H96C6 :@?
D6=64E:G6 6=64EC@56D 92G6 366? FD65 E@ :?G6DE:82E6 EC2?D	
A@CE AC@46DD6D :? E96 =@4FDE 9:?58FE !2?C292? 2?5 )9:=	
=:AD 

 "? =@4FDE 9:?58FE AC6A2C2E:@?D E96
EC2?D6A:E96=:2= A@E6?E:2= 24C@DD 9:?58FE :D 6DE23=:D965 3J
24E:G6 = EC2?DA@CE E@H2C5D E96 96>@=J>A9 D:56 4C62E	
:?8 2 5C:G:?8 7@C46 7@C A2DD:G6 $ C6FAE2<6 7C@> E96 =F	
>6? ?6E 7=FI @7 $ :D E@H2C5D E96 96>@=J>A9 D:56
E9C@F89 :@? 492??6=D
 ,96C67@C6 E96 5:C64E:@? @7 $
EC2?DA@CE :? =@4FDED :D 5:776C6?E 7C@> E92E @3D6CG65 :? F?	
765 E9 :?DE2C  "#!(&$
 !@H6G6C E9:D >2J 36 6IA=2:?65
:? A2CE 3J 5:6E 2D =@4FDED 7665 @? $ 	 C:49 DF3DE2?46D
2?5 >FDE 36 23=6 E@ 6I4C6E6 6I46DD $ H9:=6 4@?D6CG:?8
'2  
 @2DE -?:G6CD:EJ @7 %@?5@? A6CD@?2= 4@>>F	
?:42E:@?
 "? 4@?EC2DE  "#!(&$ ?665D E@ :?:E:2==J 6=:>:?	
2E6 E96 6I46DD '2 7C@> E96 3=@@5 >62= H9:=6 4@?D6CG:?8
$
 ,96 C646?E=J 765 E9 :?DE2C  "#!(&$ FD65 :? E9:D
DEF5J H:== 6G6?EF2==J ?665 E@ 6=:>:?2E6 6I46DD $ 56C:G65
7C@> E96 3C62<5@H? @7 C65 3=@@5 46==D 2?5 2=E9@F89 E96
"=C@<0:=5!<A42B*284<24-=:I@B82:4 =<H0:4H4B0:









&2=A:89:2? EF3F=6D 2C6 <?@H? E@ 2FE@?@>@FD=J C68F=2E6
96>@=J>A9 $ 4@?46?EC2E:@? &255C6== 6E 2=
 

E96C6 :D DE:== =:<6=J E@ 36 2 C@=6 7@C E96 9:?58FE :? 56E6C>	
:?:?8 E96 4@>A@D:E:@? @7 :ED 6IA6==65 4@?E6?ED
 ,96 A2E	
E6C? @7 $ :?7=FI @3D6CG65 :? E9:D 42D6 DF886DED E92E E96
=@H6C &2=A:89:2? EF3F=6D C64@G6C $ E92E :D D64C6E65 3J
E96 FAA6C &2=A:89:2? EF3F=6D D@ 67764E:G6=J E92E 6I46DD
$ >FDE 36 6=:>:?2E65 3J EC2?DA@CE :?E@ E96 9:?58FE
=F>6?

,96 :>A@CE2?46 @7 4@?E:?F65 C6D62C49 :?E@ ') >@5F=2	
E:@? @7 :?G6CE63C2E6 DJDE6>D :D 4=62C D:?46 ') :D C6=2E65
E@ @?6 @7 E96 >@DE 4@>A=:42E65 2?5 :?E6?D6=J DEF5:65
?6FC@A6AE:56D :? >2>>2=D
 )C6G:@FD G6CE63C2E6 DEF5:6D
92G6 :>A=:42E65 ')1 2D 2? :?9:3:E@C @7 82DEC@:?E6DE:?2=
>@E:=:EJ !@=K6C 6E 2=
 
 2?5 6A:E96=:2= EC2?DA@CE :?




E96 AC6D6?46 @7 ')D :? @E96C A9J=2 2?5 E96 A9JD:@=@8:4	
2= DE23:=:EJ @7 E96D6 C6=2E65 ?6FC@A6AE:56D 24C@DD G2DE 6G@=	




/6 2C6 8C2E67F= E@ C
 &2C< *
 C@H? -?:G6CD:EJ @7  6	
@C8:2 7@C AC@G:5:?8 E96 C>') 2?5 ?8') A6AE:56D

/6 H@F=5 =:<6 E@ E92?< C
 &:<6 #
 (S@??6==
&4&2DE6C -?:G6CD:EJ 7@C E96 EC2:?:?8 2?5 FD6 @7 E96
+", 6BF:A>6?E
 /6 2C6 2AAC64:2E:G6 E@ C
 .:4E@C:2 ,6
CF886 2?5 C
 ?5C6H @?:?: 7@C E96:C 6IA6CE:D6 2?5
&D
 +2C2 +623C@@<6 7@C 96C 2DD:DE2?46





C@H? &* *2:<96= + %62 (
 

 -=EC2DECF4EFC6 @7 >:58FE 6?5@	
4C:?6 46==D :? E96 25F=E >@DBF:E@ $ )"%









@7 ?6FC@A6AE:56 1 2?5 A6AE:56 11 @? 6=64EC@86?:4 :@? EC2?DA@CE :?
C2E:?E6DE:?2=6A:E96=:2
 !&# !)$!!)  	

@?:?:  (@??6== &#
 
 ?2=JD:D @7 '2 = $ ! 2?5
'! 4@?46?EC2E:@? 8C25:6?ED 25;246?E E@ E96 DFC7246 @7 2?2=
A2A:==26 @7 E96 >@DBF:E@ $ )"% 2AA=:42E:@? @7 D6=7	C676C6?4:?8
:@?	D6=64E:G6 >:4C@6=64EC@56D




 @?K2=6K * (C492C5 "
 
 92C24E6C:K2E:@? @7 ?6FC@A6AE:56 	=:<6
:>>F?@C624E:G:EJ :? E96 3=@@5	7665:?8 96>:AE6C2? ! &$ "#!(
&$
 "%$  	






 ' $ #$%!!)  
	

!2?C292? #/ )9:==:AD #
 

 =64EC@86?:4 $	56A6?56?E 49=@C:56
EC2?DA@CE :? =@4FDE 9:?58FE
 !$!" # $%! $ ! % !) !
%)!




!2J6D ,$ )2??2364<6C ,% !:?4<=6J # !@=>2?  & '249>2?
*# )6EK6= ! 6J6?3249 $/
 

 =6F4@<:?:?D 2 ?6H 72>:=J @7
:@? EC2?DA@CE DE:>F=2E@CD 2?5 :?9:3:E@CD :? :?D64E &2=A:89:2? EF	
3F=6D
 
















!@=K6C ) %:AA6 ", 2CE9@ % +2C:2 
 

 '6FC@A6AE:56 1 :?9:3:ED
6I4:E2E@CJ 6?E6C:4 ?6FC@?D DFAA=J:?8 E96 4:C4F=2C >FD4=6 @7 E96
8F:?62A:8D>2==:?E6DE:?6
 




!C4<@G2   .6=63?J + !2=E@? / 2J , &2F=6  
 
 )92C	
>24@=@8:42= 492C24E6C:D2E:@? @7 ?6FC@A6AE:56  ')	:?5F465 67	
764ED @? E96 >@E:=:EJ @7 $!$%!$ !#% DJ?
 $!$%!$ '! =2C	
G26
  %# %! !&# !##$%!!)  	

%2?6 '# %6D=:6 * +H2=6D %+
 

 "?D64E A6C:A96C2= ?6CG6D 2446DD	
:3:=:EJ @7 ?6FC@926>2= C68:@?D E@ =2?E92?F>






&255C6== +! (@??6== &# 277C6J *
 

 ,96 C68F=2E:@? @7
96>@=J>A9 A@E2DD:F> 24E:G:EJ 5FC:?8 :?:E:2E:@? 2?5 >2:?E6?2?46
@7 5:FC6D:D :? 765 ! &$ "#!(&$




&2F=6   2J ,
 

 )2C2D:E:4 A6AE:56D ,96 DECF4EFC6 2?5 7F?4	
E:@?@7?6FC@A6AE:56D:?A2C2D:E:4H@C>D








 '6FC@A6AE:56  ! * (" $ =@42=:K2E:@? 2?5 492C24	
E6C:K2E:@?FD:?8DA64:7:42?E:D6C2
 #$%!!) 
  )E 	











(?<6? ! &@776EE + &@776EE 
 
 ,96 2?E6C:@C DE@>249 @7 =2C	
G2= >@D6BF:E@6D $ )"% 67764ED @7 ?6FC@A6AE:56D @?
EC2?D6A:E96=:2= :@? EC2?DA@CE 2?5 >FD4F=2C >@E:=:EJ
 !&#  ! 	("#
 %!!)  
	

)667 '& (C492C5 " %2?86 
 

 "D@=2E:@? D6BF6?46 2?5 3:@	
24E:G:EJ @7 ).!.%*2>:56 2?5 . !.%*2>:56





*962F=E &* (@??6== &#
 

 ?2=JD:D @7 6A:E96=:2= $ EC2?DA@CE
:? &2=A:89:2? EF3F=6D @7 #!$!"  !$%# 6G:56?46 7@C DA2E:2=
2?5 E6>A@C2= 96E6C@86?6:EJ
 !&#  ! 	("# % !!) 
	

*962F=E &* (@??6== &#
 
 (C82?:4 42E:@? EC2?DA@CE 3J
&2=A:89:2? EF3F=6D @7 #!$!"  !$%# 2AA=:42E:@? @7 EH@
?@G6= 6=64EC@A9JD:@=@8:42= >6E9@5D





+96? ) 2: !'
 

 #!$!" ?6FC@A6AE:56  >65:2E6D :?E68C2E:@?
@7 496>@D6?D@CJ DE:>F=2E:@? 2?5 4@?5:E:@?:?8 @7 E96 ?6CG@FD DJD	
E6>3J7@@5
 !&# !&#!!!)  
	

+E2?6< & C@H? &* )@9= # C:> #/
 
 '6FC@A6AE:56  2?5






+EC236=  :6?6C &
 

 ,96 67764E @7 ?6FC@A6AE:56 1 @? D@5:F>









,6 CF886 . +49@@=6J  (C492C5 "
 
 ,96 3:@=@8:42= 24E:G:EJ
@75:FC6E:4724E@CD:? ! &$"#!(&$
 "%$  
	


"=C@<0:=5!<A42B*284<24-=:I@B82:4 =<H0:4H4B0:
"=C@<0:=5!<A42B*284<24IEEE8<A42BA284<24=@6 